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AMracl Spcctroscoplc evldena: ts prcscnrcd which mdlcala that zaprm. a flavone occurnng In seeds 

of Cu.vmtroa dulic Llavc et Lc* IS 2’.5.6.6’-rctramethoxyflavone lapolin thus has a unique 2’.6’- 

dlmerhoxy B-nng which has nof previously been reported among naturally occurring llavonoids. 

KINCI. ef al.’ originally reported the isolatton of zapotin. zapotinin and 5.6dim- 
cthoxyflavone’ from Casimiroa edulis Llavc et Lex (Rutaceae). It was suggested2 that 
zapotin and zapotinin wet-c a tetramethoxyflavone or isollavonc and the corres- 
ponding Sdimethyl derivative respectively. Subsequently. the isolation of 2’.5.&tri- 
methoxyflavone was reported’ from the same plant and zapotin fotiulated as 
2’.5.6,7-tetramethoxyflavone.” An isoflavone structure for zapotin was rejected on 
the basis of its stability towards base hydrolysis and lack of identity with the known 
2’.5.6,7-tetramethoxyisoflavone,’ although no direct comparison between samples 
appears to have been reportcd in spite of the similarity of physic4 constants. The 
UV spectrum of ;rapotin did not show well delined bands characteristic of most 
flavones. but resembled in some respects that of an isoflavone.6 The stability of 
zapotin to strong base has been confirmed in the present study. 

There have recently been several syntheses of 2’.5,6.7-tetrimethoxyflavone7 and 
this material proved to have quite different physical properties from those reported 
for lapolin.’ 

In the present study, a 60 MC NMR spectrum was helpful in establishing the 
gross flavone features of zapotin but it was not suflicicnt to determine the complete 
structure. Thus. while resonances for H-3 and four Me0 groups could be dis- 
tmguished. the remaining aromatic protons formed a pattern which was not 
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immediately interpretable. The NMR spectrum did not show any usual downfield 
signal assignable to a 2’- or 6’-proton. Moreover, the singlet with good ringing 
assignable to H-3 occurred at 6 6.28 about b 0.345 uplieki from the usual position 
for such resonances.’ Resonances were also lacking for a 5-proton confirming the 
presence of a 5-M& group. Substantial chemical evidence was previously available 
on this point.‘, l 

The 100 MC NMR (Fig. 1) in deuteriochloroform and trifluoroacetic acid was, 
however, interpretable. The NMR spectra in these solvents leads to the formulation 
of zapotin as 2’.5.6.6’-tetramethoxyflavone (I). The spectrum in deuteriochlorofotm 

I 

exhibits an AB pattern from the A-ring protons superimposed on the A part of an 
AX, pattern from the B-ring protons. The AX* pattern consists of a one proton 

7 6 

FIG;. I. NMR spcctn of zapolm (I) and 2’.5.6tnmethoxyllavonc (VI). 

’ See for uunple. R. M. Horowitz and B. Gad, Chem d Id 498 (1964); R M. Dawson. C A. Ham& 
P. R. kffcria am.i E 1. Middleton Awr. 1. Chem l& 1871 (1965); J. Massicoc ad J. Mar&e, hiI. 

Sot. Chm Fr. 1962 (1962). J Massa% 1. Marlh and S. Hair Ibid. 2712 (1963). 
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downfield triplet and a two proton upheld doublet. Thus, irradiation of the doublet 
at 6 662 collapsed the triplet centered at 6 7.39 into a singlet, but left the AB doublet 
unchanged. This clearly establishes that there are three hydrogens on the B-ring 
and two hydrogens on the A-ring. The NMR spectrum of zapotin in trifluoroacetic 
acid was particularly helpful, wherein the AB doublet of the A-ring protons were 
shifted far enough downfield to be completely clear of the AXI pattern of the B-ring 
(Fig 1). This technique may have some general utility in structure determination 
of flavonoids. In trifluoroacetic acid the carbonyl group is protonated with some 
positive charge distributed in the A-ring causing the downfield shift of the A-ring 
protons. 

The NMR data presented for zapotin do not uniquely distinguish between 
2’.5.6.6’- and 2’,5.6’,8-tetramethoxyllavone structures. The similar chemical shifts of 
the A-ring resonances for zapotin with those of 2’.5&trimethoxyllavone (Vlb9 
constitutes excellent evidence for the former structure. Furthermore. the difference 
in chemical shifts between the 6 and 7-resonances of 2’5,8&methoxyflavone’ is 
6 0.57 (in CDCl,) in contrast to the much smaller differences in chemical shifts for the 
7- and 8-resonances of both zapotin (a 0.10) and VI (6 oo4).10 

In a study of NMR solvent shifts on permethylated and acetylated flavonoids” 
it has been found that methoxy resonances generally occur 6 034% ppm upfield in 
benzene relative to chloroform. Two exceptions to this rule have been found. 
Resonances due to methoxy groups in the 6 and 3-positions generally occur in the 
same place in both chloroform and benzene. Zapotin shows three methoxy resonances 
occurring well upheld in benzene and one unaffected by the change in solvent from 
chloroform to benzene. The close model 2’.5&trimethoxyflavone (VI). shows only 
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two methoxy resonances occurring upheld in benzene compared to chloroform. 
Again the position of one methoxy resonance remains unchanged with change in 
solvent. 

The unusual LTV spectrum of zapotin can now be ascribed to the nonplanarity of 
the unique 2’.6’-dimethoxysubstituted B-ring with the hetero ring.12 This also 
accounts for the upheld position of H-3. which now lies in the positive shielding 
region of the B-ring. A similar upfield shift of H-2 in a 2’.6’disubstituted isoflavone 
has been noted by Falshaw er al.” The 2’b’disubstituted B-ring by causing the 
2-position to be highly hindered also accounts for the remarkable stability of zaptin 
to refluxing 20”,, potassium hydroxide. 

2’.5,6Trimethoxyflavone was synthesized by a standard route (II-WI) using the 
Baker-Venkataraman rearrangement. Attempted synthesis of zapotin (I) by the same 
route starting with 2,6-dimethoxybenzoyl chloride and II has thus far. proven 
unpromising. 

The mass spectra of flavonoids have received relatively little attention. Barnes 
and Occolowitz’* showed that fragmentation of the hcterocycle ring in a reverse 
Diets-Alder fashion was important in llavonc itself. Further work”’ indicated this 
path to be of much less importance in substituted cases. Thus, the mass spectrum of 
zapotin shows only low intensity peaks at m,e 180(3) and 162(3) (I + VIII + IX) 
and lacks peaks at mie 210 and 132 which would be expected for a tetramethoxy- 
flavone with only one methoxy group in the B-ring. 

Although zapotin shows an abundant molecular ion. the base peak is at M-15. 
indicating the facile loss of a Me group. Mass spectra studies’6 on methoxy 
coumarins has shown that 5- and 7-Me0 derivatives do not easily lose Me groups 
while 6methoxycoumarins easily lose Me.” The structure of the M-15 peak is best 
represented as X. again consistent with a 6-Me0 group. A peak at m/e 163.5(7) 
appears to be a doubly charged ion of X. 

MC 

X 
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The evidence thus suggests that zaptin is a unique 2’.6’dimcthoxyllavone and is 
closely related biogenetically to the other llavoncs occurring in C. edulis.’ 4 

On the basis of extensive chemical studies. King era/.” have formulated oxyayanin 
A as 2’.5.5’-trihydroxy-3,4’.7-trimethoxyflavone. The question of the structure of 
oxyayanin A has recently been reopened by Jain et a1.l9 in a recent synthesis of this 
material, which indicates that it is not identical with oxyayanin A. Two unusual 
properties of oxyayanin A arc similar to those of tapotin; (a) it shows remarkable 
stability towards refluxing 20”,, KOH and (b) the long wavelength IJV band exhibits 
very low intensity (I _ EOH 258 (4Q6). 302 (3.74). 349 (3.49) mu (log c)).‘* These ob- 
servations are difticult to reconcile with the other results of King er al.‘” but do 
suggest that a 2’.6’-disubstitutcd B-ring might be considered for oxyayanin A 

EXPERIMEKTAL 

fsoloritm o/ ropora (I) Drial and ground rapore seeds were exrrac~al with acttone Solvcnr was 

removal from the extracts and thr rcs~due was chromatographcd on aad washed alumtna ‘The content 

ol rbc clural fractions was momtorai by TLC, usmg s~hac acid absorbant and a I :I CHCI, AcC)Iir 

solvcnl sys~crn. Zapotm was detectal by exposmg rhe pIala IO HCI gas wtth which zapolin g~vcs a bnghl 

yellow spot. The fractions conlammg zapolin wcrt pooled. the solvcn~ was removed. and the rcslduc 

crysralhrcd from M&H IO give zapolin, m p 147-14X’ : Y 1654. ISXX cm ’ (Nupl); i’,“. 22X (29.000). 

257 (17,OOOA 325 (7.400) m)r; &MR 6 7.39I1) I = X HA’. 7.29; 7.19 (AR doublet) J = X H-7 and H-X; 

6 62(d) J = X H-3’ and H-5’; 6.28 Is) H-3: 397; 390. 3.77; 3.77 merhoxys ppm (CDCI,): 6 393; 3.50. 

3-40; 3 40: ppm (benzene); b 793; 7.77 (AB doublel) I = 9 H-7 and II-X; 760 (I) _J = X H-I’; 743 (s) H-3, 

6.77 (d) I = 8 H-3’ and H-S’; 445: 4.11; 3.97; 394 Me<) ppm (MluoroaoclH: aad). Mass spa. peaks 

occurred al m.‘r 41(1OA 42(3A 4314). 44(14A 4371 xY3A 5113A SHSA 54(3A SH8A J6(3A 571X). 59(3). 60(S). 

6113A 62t3A 63(S). 6HSA 66(3A 67(S). 6x(3). 69(7A 70(3A 7lfSA 7331 7Y3A 7645). 77(5A 7MSA 79fSA Xl(S). 

8213). XYSA 9l(SA 9y3A 9x3). 97(3A lOY3A 107(3A 109(7A IIY(3A 12lf3A 131(3A 13%X). 136131 137(20). 

147(3A l413(7A 149(S). lsoI3). ISl(3A 16113). 162(3A 163H7A l6@16A lm3A 253f5.A 266(3). 2670). 269(3). 

2X2(3). 2Xx3). 2114(3A 29x3). 297(lOA 29813). W3A 309(3A 3llfXA 312tllA 3lWllA 314(3A 32H3A 327(IOO). 

328(2lA 329(3A 341(3A 342(57). 343tl.l) (Found: C. 665; H. 5.2 C,,H,,O, requires: C. 66.65. 11. 5 3”“) 

2’-Mrr)u,x~-S-henIyloxy-bh}~rox~~ai;oM (1111 A mlxtufC of 0.5 g of II” and 2g 0-merhoxybenr~yl 

chlonde In pyndmc was allowed IO stand ovcmlghr The mlxture was dllurcd with waler and extracted 

with bcnz_enc The benzene extracts were washed w~rh 5” ~ Na,CO,aq and 20’; HCIaq. The dread bcnrrnc 

extracts were filrercd through a shon column of alumina Removal of solvent from ~hc filtrata gave an 

011 which could nor be InducaJ IO crystalllu and so was used dlrcctly m ~hc next JIC~ The dlarcr was 

dtssolved In dmxan and exms 50” u NaH m 011 added Ahcr standing ovcrmghl m a sroppcrai flask rhc 

mixlurc WBS decomposai wlrh ta water and rhe soln extractal wlrh ether The aqueous phase was then 

acldllial and the produa collcc~a.i by ex~rac~~ocl with ether Solvent was removal from rhc cthcr cxiracis 

and rhc restdue refluxcd wlrh Ad311 Ac0Na for 6 hr The soln was dllutd extracted with ether and 

the erhcr cxtracls were washai with 59, Na,CO,aq. Removal of solvent after drying gave a residue 

which was rccrysialhred from bcn7en.e; m p I71 174’ ir-2’ - 232 (12.XOOA 272 116.OW). 325 ~lO.ooOI mp: 

NMR d 7.X5 Iq) J = X. J = 2 H-6’; 7 32 (s) bcnzyl aromatics; 707 (5) H-3; 5 20 (5) benryl mcthylenc; 

3X7 Me<) ppm (CDCI,) (Found. C. 734; Il. 492 Cz,It,,O, requires C. 73 7X; Il. 4,X5”,) 

Z’.~Dvnerho.xy-S-h~nryl~~x~~~~ (IV) To a soln of 200 mg of Ill III 40 ml THF was added cxccss 

dlazomethane In eihcr Alla 05 hr ex- dlazomcthanc and s&em were removed under an au jci and 

the residue Mrcrcd through a short column of alumma wlrh bcnzzne Removal of solvmi from the filrralcs 

gave a ralduc. m p 94.5-96‘. afta crysralltrailon three tlmcs from Md)H ;.‘,” 235 (18.5OOA 26X (23.ooO). 

326 (16.OW); NMR 6 7 X5 (q) J = 8. J = 2 H-6’; 7 27 (s) bcnryl aromattcs; 700 Is) H-3; 5 IS Is) bcncyl 
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” A C Jam S. K Marhur and T R Scshadn. Indlcln J Ckm 4. 364 (1966) 

lo NMR da; were taken at 60 and IO0 MC:S and arc glva, m 6 relatrve IO mlemal tcrramethylsllane 

The rclarlw areaS of peaks were consIsten! with I& mgnments. 
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methyknc; 390; 3.85 McO’s ppm (CDCI,) (Found: C, 74.1; H. 5 24. C,,H,,O, rcqutrcs: C 74.21: 

?f. 519 *_ J 

S-Hydtox~2’.6dimethoxyjlac;onP IV). A soln d 30 mg of IV ut 2 ml glaaal AcOH and I ml cone HCI 

was heated on a s~cam bath for 30 mtn. The soln was then cooled. wata added to the cloud point and the 

resulting soln cooled further tn an ia bath; product collected and rccrysralhzcd frrom McOH. m p. I53 

154-: green FcCI, n’s -234 (14.400). 277 (27.000), 330 (13.800) mu: NMR d 7,X5 (q) J = 8 I - 2 

H-6; 7.23 (d) I = 8 H-8; 690 (d) I = 8 H-7; 702 (s) H-3; 395; 3.95 McO’s ppm (CDCI,) (Found: C. 

68.2; H.4-73. C,,H,,O, rcqutra: C.6845; H,4-73”,) 

2’.S.~rr~et~x~~a~~ (VI). Compound V was mcthylarcd with excess h&SO, and 20”; NaOHaq. 

The product was recovered hy extractton with ether and rccrystalltzal fran AcOPr-,hexanc m.p. 124-l 25’; 

li~.’ m p 124 125 . I _ LuH 235. 267. 326 mu NMR” 6 7 SR (q) J = 8. J = 2 H-6; 7.18 (m) H-4’; 705 (m) 

H-3’; 7+Xl (s) H-3; 680; 676 (AB doublet) f = 9 H-7 and H-8; 678 (m) H-S’; 398; 390; 390 McO’s 

ppm (CDCI,); d 403 ; 3.57 : 3 27 MeSO’s ppm (benzene). 

2’.5.8-lrimcrhox~$urwnc (VII). Thu material was prepared from 2.S-dimcthoxy&hydroxyaccto- 

phcnonc“ and O-mcthoxybenzoyl chlondc tn the same manner as III; m.p. 200 201’ : lit? m.p. 20&201’; 
;.EO(# -224 117.ooO1 271 ~18.300). 324 (14.100) mu. NMR 6 HO2 Iq) J = 7. J = 2 H-6’; 7.23 (d) I = 9 

H-I;; 7-13 Is) H-3; 666 (d) I = 9 H-6; 393; 3.93; 393 McO’s (CDCl,);& 357; 340; 3 I2 McO’s fbcrutnc). 

5.8-t)inurtu,x~-2-mrrhyfbrnzochromnne NMR 6 7.10 (d) J =9 H-7; 632 td) J - 9 H-6; 608 Is) H-3; 

3 90; 390 McO’s. 2-33 MC ppm KDCI,). 

Ac~nowIPdgcmcnrs- The authors arc mdcbtcd to L Y White for the analytical data and to Dr. R. M. 

Horowttz for helpful discusstons 

Norc added in proof. P. 1. Garratt. F. Schcinmann and F. Sondheimcr (7’crrohcdrm t3, 2413 (1%7)] 

have recently shown the tdcntical structure for rapotin by reasoning similar to that employed here. 

z* These assignments were confirmed, when possible by spin dccoupltng 


